The average amount of cholesterol in the whole animal equals approximately 2100 mg/kg body weight, and 15% and 23% of this sterol in the mouse and human, respectively, is found in the central nervous system. There is no detectable uptake across the blood-brain barrier of cholesterol carried in lipoproteins in the plasma, even in the newborn. However, high rates of de novo cholesterol synthesis in the glia and neurons provide the sterol necessary for early brain development. Once a stable brain size is achieved in the adult, cholesterol synthesis continues, albeit at a much lower rate, and this synthesis is just balanced by the excretion of an equal amount of sterol, either as 24(S)-hydroxycholesterol or, presumably, as cholesterol itself.
Introduction
Unesterified cholesterol (C) is an important component of many cellular membranes including, in particular, the plasma membrane (Lange, 1992) where it plays an essential role in determining the fluidity and electrical and permeability characteristics of this limiting structure in every cell. In the whole animal, the amount of C present averages approximately 2100 mg/kg body weight, regardless of the species, and this steady-state concentration remains essentially constant throughout the life of the animal. However, for reasons still not well understood, a fraction of this pool of C in the plasma membrane of cells is constantly replaced. In a small animal, such as the mouse, 7-9% of the whole body sterol pool is turned over each day, while in a larger animal with a lower metabolic rate, such as the human, only approximately 0.7% of this pool is replaced daily (Dietschy and Turley, 2004; Li et al., 2008) . These observations indicate that mechanisms must be in place to constantly excrete or degrade the C molecule and, at the same time, to constantly supply an equivalent amount of new sterol to the cell plasma membranes. These two processes must also be so tightly regulated that the steady-state concentration of C in tissues, and in the whole animal, remains essentially constant.
The broad outlines of the processes that accomplish this regulated turnover of plasma membrane C in the whole animal are partially understood. Even though mammals can absorb sterol, there is no dietary requirement for C. Instead, virtually every cell in the body has invested in the elaborate machinery necessary to synthesize this molecule from acetyl-CoA (Dietschy et al., 1993) . In addition, the cells of most tissues take up small amounts of C that are carried by various apolipoproteins in the surrounding interstitial fluid. This uptake involves processes such as receptor-mediated endocytosis, receptor-mediated selective uptake and bulk-phase endocytosis of the pericellular fluid. The relative importance of each of these processes varies from organ to organ.
Intestinal epithelial cells, for example, express a protein on the microvillus border known as Niemann-Pick type C like protein (NPC1L1) that selectively moves unesterified sterol from the intestinal lumen into the cytosolic compartment (Brown et al., 2007; Ge et al., 2008) where it is esterified (CE) and incorporated into nascent chylomicrons (CMs). The low-density lipoprotein receptor (LDLR) is expressed in the liver and many other tissues and is involved in cellular uptake through receptor-mediated endocytosis of C and CE carried in lipoproteins containing apolipoprotein B 100 (apoB 100 ) or apoE (Innerarity and Mahley, 1978; Brown and Goldstein, 1979; Osono et al., 1995) . In contrast, the transporter scavenger receptor class B type I (SR-BI), which is expressed principally in the liver and endocrine glands (Acton et al., 1996; Xie et al., 2006) , selectively removes CE from high-density lipoprotein (HDL) and transfers it directly into the cytosolic compartment of cells. Virtually all cells also take up sterol contained in lipoproteins through bulk-phase endocytosis of the pericellular fluid. It should be noted that C and CE taken up through bulk-phase endocytosis or by the action of LDLR pass through the late endosomal/lysosomal compartment of cells, whereas the sterol taken up by the activities of SR-BI and NPC1L1 bypasses this organelle and is delivered directly into the metabolically active pool in the cytosol (Xie et al., 2000b; Liu et al., 2007) . As another sterol transporter, Niemann-Pick type C1 (NPC1), acting in concert with NPC2, is involved in the movement of C from this late endosomal/lysosomal compartment to the cytosolic pool, mutational inactivation of this protein results in the accumulation of C in cells using LDLR or bulk-phase uptake of lipoproteins, whereas there is no accumulation of C in cells utilizing SR-BI or NPC1L1 for cellular sterol uptake (Liu et al., 2007; Li et al., 2008) . The whole body is divided into four tissue compartments made up of the intestine, liver, central nervous system and the remaining tissues of the peripheral carcass. The solid black arrows show the movement of cholesterol through the plasma carried in CM, VLDL/ LDL and HDL. The numbers in parentheses adjacent to these arrows represent the milligrams of cholesterol moving through each of these pathways each day per kg of body weight (mg/day/kg). The dashed lines represent the flow of small amounts of various hydroxylated cholesterol molecules from the peripheral organs and CNS to the liver. The small green circles represent the specific cholesterol transporters NPC1L1, LDLR, SR-BI, NPC1 and ABCA1. Two separate intracellular pools of cholesterol are represented within each tissue compartment: one is isolated in the late endosomal/lysosomal compartment (white), while the other represents the metabolically active pool of unesterified cholesterol in the membranes of the cytosolic compartment (yellow). Movement of sterol from the lysosomal to the metabolically active pool requires functional NPC1. While not shown, a second protein, NPC2, acts in concert with NPC1 to promote C movement out of the lysosome. The numbers adjacent to acetyl-CoA represent the milligrams of cholesterol newly synthesized each day per kg of body weight (mg/day/kg). The size of the steady-state cholesterol pool in each of these tissue compartments is also listed. The abbreviations shown represent unesterified cholesterol (C), cholesteryl ester (CE), bile acid (BA) and hydroxylated cholesterol (OH-C). These flux rates are also available for larger animals and, in general, such rates decline in value as animal size increases (Dietschy et al., 1993) .
Cholesterol flux through tissues outside the central nervous system
In the whole animal, these biosynthetic and transport mechanisms act in concert to bring about an orderly and regulated flow of C across the plasma membrane of every cell while, at the same time, preventing the abnormal accumulation of sterol within any tissue. Although there are quantitative differences, the major steps in this turnover process are very similar in all mammalian species and are shown in diagrammatical form in Figure 1 for a mouse which is 7-8 weeks of age. Dietary C intake in such animals is typically approximately 40 mg/day/kg, of which approximately 50% is absorbed into the jejunal mucosa through the activity of NPC1L1 (Altmann et al., 2004; Repa et al., 2005) . This absorbed sterol is esterified to CE and incorporated into the nascent CM along with large amounts of absorbed dietary triacylglycerol. During circulation through the plasma much of this triacylglycerol is removed from the particle in the periphery, following which the CM remnant is essentially totally cleared into the liver utilizing the interaction between the apoE present on this remnant and the LDLR (Ishibashi et al., 1994) . After processing through the late endosomal/ lysosomal compartment and being transported by NPC1 into the cytosolic compartment (Figure 1 , yellow circle), this 20-mg of C joins another 40 mg of sterol synthesized locally in the liver during this same period of time.
The liver also assembles another cholesterol-and triacylglycerol-rich lipoprotein known as very low-density lipoprotein (VLDL). This particle functions to move excessive amounts of triacylglycerol out of the liver to the sites of utilization and storage in the periphery. During this process, both VLDL remnants (not shown in Figure 1 ) and LDL are formed within the vascular space. The C and CE contained in this latter particle are cleared from the plasma predominantly by the liver (30 mg/day/kg), while smaller amounts (7 mg/day/kg) are taken up by many of the peripheral organs in the carcass. In the normal mouse, this uptake process predominantly utilizes the LDLR and receptor-mediated endocytosis (88%), while the remainder apparently is taken up through bulk-phase endocytosis (12%) (Osono et al., 1995) . The CE contained in this LDL particle must then be hydrolyzed and processed through the late endosomal/lysosomal compartment in the cells of all of these organs before being moved by NPC1 into the metabolically active pool of C in the cytosol.
Within the different organs of the peripheral carcass, an additional 83 mg/day/kg of C is synthesized and added to the 7 mg/day/kg taken up in LDL. As the steadystate pool of C in these tissues is constant at approximately 1524 mg/kg, approximately 90 mg/kg of C must be removed each day. This is apparently accomplished by transfer of C from the outer leaflet of the plasma membranes of these cells to HDL circulating in the pericellular fluid. In some tissues, but not all, this transfer may be facilitated by another transport protein, ABCA1. As is also indicated in Figure 1 , very small amounts of C may move out of some of these organs after first being hydroxylated in the 27 position to form 27-hydroxycholesterol (Lund et al., 1996; Bjö rkhem et al., 1999) . Thus, based on these values, 5.9% of the C pool present in all of these peripheral organs that make up 87% of the body mass is turned over each day. As will be discussed later, the central nervous system (CNS) contributes only trivial amounts of C (-1.5 mg/day/kg) to this turnover process.
The C taken up by HDL is rapidly esterified within the particle and the CE is then selectively transported into the cytosolic compartment of liver (and endocrine) cells utilizing SR-BI (Acton et al., 1996) . After hydrolysis of this molecule by a neutral cholesteryl ester hydrolase (Shimada et al., 1994) , the C enters the metabolically active pool of the cell (Xie et al., 2006) . In species other than the mouse, there is a second mechanism that involves the transfer of CE from HDL to one of the apoB-containing lipoproteins by cholesterol ester transfer protein. Ultimately, these particles are taken up into the liver through intervention of the LDLR, the CE is hydrolyzed in the lysosome by an acidic cholesteryl ester hydrolase, and the C is then transferred to the metabolically active pool of sterol by NPC1. From these considerations it is clear that, in the mouse, the liver plays a central role in the flux of sterol through the body. While the steady-state pool of C in this organ is very small (132 mg/kg), the net flow of sterol through the liver from the intestine, peripheral organs and local synthesis (143 mg/day/kg) is such that 108% of this pool turns over every day.
The net excess of sterol reaching the liver, whether as cholesterol itself or as a hydroxylated derivative, ultimately must be excreted from the body as no cells have enzymes capable of degrading the sterol nucleus. While a small amount of C is lost from the body through the sloughing of skin and after conversion to steroid hormones, the great majority must be excreted in the feces. In the mouse, approximately half of this excess C is converted to bile acid (BA). This BA, along with a nearly equal amount of C (approximately 50-70 mg/day/kg each) is then transported across the canalicular membrane of the hepatocyte through the combined action of three proteins, ABCG5/8, ABCB4 and ABCB11, and, ultimately, excreted in the feces in either the acidic or neutral sterol fractions (Dietschy and Turley, 2002) . In this manner, the animal maintains the whole body C pool constant at 2100 mg/kg, while 165 mg (7.8% of the total pool) of dietary and newly synthesized sterol flows through the plasma membranes of cells each day.
Regulation of the cholesterol homeostatic mechanisms
Obviously, because of this very large flux of C across the cells of the body and the likelihood that the input of dietary sterol may vary erratically, mechanisms must be in place to regulate sterol flux and, therefore, the amount of C in the plasma membrane of every cell. Recent studies have identified at least four different types of mechanisms that control the amount of C in the metabolically active pool. First, expansion of this pool of C always triggers esterification with a subsequent increase in the concentration of CE within the cytosol. This important reaction presumably converts the potentially toxic, amphipathic C molecule into the more inert, hydrophobic CE. Second, expansion of this C pool also triggers binding of the key enzyme in sterol biosynthesis, HMG-CoA reductase, to INSIG-1 and INSIG-2 which, in turn, initiates ubiquitination of this protein and its subsequent degradation. This leads to very rapid suppression of the rate of sterol synthesis within the cell (Goldstein et al., 2006; DeBose-Boyd, 2008) . Third, an increase in the C content of the metabolically active pool also blocks the processing of SREBPs to their active, nuclear forms by the golgi. As the nuclear forms of these transcription factors normally drive the expression of many of the enzymes required for cholesterogenesis, including HMGCoA reductase, this leads to more prolonged suppression of the rate of cholesterol synthesis (Horton et al., 2002; Goldstein et al., 2006) . Finally, expansion of this cellular pool of C activates a number of nuclear receptors, such as the liver X receptor (LXR) and the farnesoid X receptor (FXR), which control the synthesis of several sterol transporters or enzymes involved in the metabolism of the sterol molecule to BAs (Repa and Mangelsdorf, 2000) . Thus, in a tissue, such as the liver, the sudden influx of a large bolus of sterol is followed by a rapid increase in the concentration of CE, a rapid decline in the rate of C synthesis that is secondary to degradation of HMG-CoA reductase and, later, to a decrease in the mRNA level for this enzyme, and an increase in the expression of cholesterol 7a-hydroxylase and transporters, such as ABCG5/8.
It should be emphasized that these events occur only when the bolus of sterol reaches the metabolically active pool of C in the cytosol and nucleus. In the presence of a mutation that inactivates NPC1, C or CE entering cells through either receptor-mediated or bulk-phase endocytosis becomes trapped in the late endosomal/lysosomal compartment of the cells and cannot reach the metabolically active pool. As a result, even though the C pool in these cells is massively expanded, CE virtually disappears, the rate of cholesterol synthesis is actually increased and there is no activation of the LXR target genes (Xie et al., 1999; Li et al., 2005) .
Cholesterol pools in the central nervous system
Owing to its unique anatomy and relative isolation from the rest of the body, many features of C metabolism in the CNS differ significantly from those just described in these other organs. One of the most striking differences is seen in the distribution and size of the C pool in the cells of the brain and spinal cord. In the other organs, this pool of sterol is found mostly as C in the plasma membrane of cells or, in the case of the endocrine organs, as CE stored in the cytosol. With the evolution of larger organisms, the need arose to increase the velocity of electrical conduction along neurons, and this was accomplished largely through reducing the capacitance of these cells by increasing the thickness of the hydrophobic membranes surrounding each axon. The task of creating these membranes is carried out by oligodendrocytes which are able to synthesize vast sheets of plasma membrane that are wrapped around numerous adjacent neurons and dehydrated to form compact myelin (Dietschy and Turley, 2004) . As these sheets of myelin are rich in C, both the concentration and pool size of sterol in the CNS is much higher than in most of the other organs in the body.
In the adult mouse, for example, the concentration of C in the brain averages approximately 15 mg/g wet weight, whereas in most other tissues, it is in the range of 2-6 mg/g. The pool of C in the CNS of the mouse is 314 mg/kg (Figure 1) or 15% of the whole animal pool, whereas this organ accounts for only 1.7% of whole body mass. Owing to the relatively larger brain in the human (2.1% of body mass), and the increased development of the neocortex, the mean concentration of C exceeds 20 mg/g and the pool equals 490 mg/kg (23% of the whole human pool). In other organs, most of this C is in the plasma membrane of cells, whereas in the CNS the great majority is in myelin. Of the total pool of C in the mouse CNS (314 mg/kg), approximately 245 mg/kg represents C in the membranes of compact myelin, while only approximately 69 mg/kg is presumably in the plasma membranes of cellular elements. As neurons represent only approximately 10% of the cells in the brain, the pool of C in these nerve cells may be only approximately 7 mg/kg (0.3% of the body pool). It is likely that the rate of C turnover in the myelin and in the plasma membranes of the glia and neurons varies greatly.
Cholesterol acquisition by the central nervous system
In theory, this large pool of C could be acquired either by uptake of plasma lipoproteins across the blood-brain barrier or by de novo synthesis within the neurons and glia themselves. However, the endothelial cells forming the brain capillaries are uniquely different from those making up other capillary beds in the body. There are no fenestrations, as in hepatic sinusoidal capillaries, there is little or no trans-endothelial bulk-phase vesicular transport, and the junctions between cells are very tight with high electrical resistance. Thus, any net movement of lipoproteins between the plasma and the pericellular fluid in the brain would have to take place through some type of protein-mediated transport. The observation that the transporters LDLR, SR-BI and ABCA1 are expressed in brain endothelial cells (Dehouck et al., 1997; Panzenboeck et al., 2002) raised the possibility that the CNS did acquire at least part of its C pool from the plasma. However, direct measurements of net C movement into the brain in vivo have failed to identify such transport. For example, in the fetal sheep model, LDL uptake cannot be detected in any region of the brain, even as early as 90 days before birth when the blood-brain barrier is just forming (Turley et al., 1996) . The rate of lipoprotein clearance in all areas of the brain is -2 ml/h/g throughout fetal development, even as the content of C in the CNS increases nearly 100-fold, from 9 to 876 mg. Furthermore, no net LDL transport across the blood-brain barrier can be detected in the newborn or adult sheep, even though the level of LDL in the plasma becomes very high during the suckling period (Cavender et al., 1995; Turley et al., 1998) .
Similar negative experimental results have also been reported in the mouse utilizing a variety of knockout animals. If one of the apolipoproteins, such as apoAI or apoE, is important in delivering C into the brain, or if one of the transporters participates in net trans-endothelial lipoprotein movement, then knockout of one of these proteins would be expected to increase the rate of C synthesis and, possibly, lower the content of sterol in the CNS. When tested, however, this has proved not to be the case. Even though there are profound changes in C metabolism in the rest of the body, there are no alterations in brain C metabolism with deletion of function of ABCA1, SR-BI, LDLR, apoE or apoAI (Quan et al., 2003) . Similar negative results have been reported in other species, including humans, using other techniques (summarized in Dietschy and Turley, 2004) . Taken together, these many observations provide compelling evidence that there is no net contribution of C from lipoproteins in the plasma to the pool of sterol within the CNS. If there is such a contribution, it is very small and below the level of detection by current techniques.
It follows from these observations that the C required for brain development and myelination must come from local synthesis. In the mouse, there is little myelination of the CNS at birth so that the mean concentration of C equals only approximately 4 mg/g and the total pool is -1 mg (Xie et al., 2000a) . However, during the first 3 weeks of life, myelination proceeds rapidly and the mean concentration of C in the brain approaches 12-13 mg/g. During this time, therefore, the rate of sterol accretion by the CNS is approximately 250 mg of C per day (Quan et al., 2003) . Importantly, during this same interval, the rate of C synthesis also equals approximately 250 mg/day. Thus, the rate of synthesis fully accounts for the rate of C accretion in the CNS. However, beyond 3 weeks of age, the rate of accretion drops rapidly to only 10-15 mg/day as mature brain size is achieved between 13 and 26 weeks of age. Over this same interval, there is also an abrupt decrease in the rate of C synthesis, although this decrease is not as great as seen with the accretion rate. As a result, in 13-to 26-weekold mice, the rate of synthesis is in the range of 25-35 mg/day, which is 2-3 times higher than the rate of accretion. Thus, beyond 3 weeks of age, more C is being synthesized in the CNS than is required for new cell development and myelination.
During the early period of development, the majority of this synthetic activity presumably takes place in the oligodendrocytes which must assemble large quantities of plasma membrane from which compact myelin is made. In general, the regional rate of C synthesis reflects the degree of myelination taking place in that same area. In the mouse, for example, the rate of synthesis is lowest in the cerebrum and highest in the spinal cord (Quan et al., 2003) . The fact that in the developing brain there is a direct correlation between the rate of synthesis and the ultimate concentration of C found in the cerebrum (12 mg/g), cerebellum (14 mg/g), mid-brain (23 mg/g), brainstem (30 mg/g) and the spinal cord (38 mg/g) further suggests that this sterol is synthesized locally to meet the needs of each region, and is not transported from some other area of the CNS (Quan et al., 2003 ). An identical correlation between regional synthesis rates and regional C concentrations is also seen in the developing CNS of the neonatal lamb (Turley et al., 1998) . It should be noted, however, that the timing of these bursts of C and myelin synthesis varies in different species. In the guinea pig and ungulate, C synthesis and myelin formation are very active in the fetal CNS during late intrauterine development so that the brain of the newborn is well developed and the animal is fully mobile at birth. In contrast, species, such as the mouse, hamster and human, only develop high rates of C and myelin synthesis after birth and, so, are essentially helpless when born (Dietschy and Turley, 2004) . What triggers this burst of C and myelin synthesis either in the developing fetus or in the newborn is currently poorly understood.
Cholesterol excretion from the central nervous system
The observation that in the adult animal the rate of C synthesis exceeds the need for further sterol accretion in the CNS indicates that, as in the other organs (Figure 1) , there is constant C turnover in the brain, and mechanisms must be in place, therefore, to excrete sterol across the blood-brain barrier. One mechanism was identified when it was recognized that the P450 enzyme, cholesterol 24-hydroxylase is uniquely expressed in the brain (Smith et al., 1972; Lund et al., 1999) and, in studies performed in humans, it was found that the CNS makes a net contribution of 24(S)-hydroxycholesterol to the plasma (Lü tjohann et al., 1996) . When the gene encoding this hydroxylase (CYP46A1) is inactivated in the mouse, there is essentially no change in C turnover in any organ of the body except the brain where synthesis is suppressed approximately 40% . Subsequent balance studies in these animals revealed that the rate of excretion of sterol from the CNS equals 1.4 mg/day/kg, and approximately 0.9 mg/day/kg of this is as 24(S)-hydroxycholesterol . The rate of excretion of this oxysterol from the human brain equals 0.09 mg/day/kg (Bjö rkhem et al., 1998) . Thus, the net flux of sterol out of the CNS is very small compared to the flux coming from all of the other organs of the peripheral carcass (Figure 1) , and unlike these other organs the majority of this excreted sterol is as the oxysterol, 24(S)-hydroxycholesterol.
This low rate of excretion relative to the large pool of C in the CNS suggests that turnover is very slow and of the order of 0.4%/day. However, it is clear that turnover may vary among the different cell types. The cholesterol 24-hydroxylase has been localized to a small subset of large neurons in the cortex and cerebellum (Lund et al., 1999) . If the excretion of 24(S)-hydroxycholesterol reflects only turnover in this small population of neurons (0.9 mg/day/kg), and if the pool of C in this subset of cells is of the order of 3 mg/kg, then the turnover of C in these nerve cells may be nearly 30%/day. If, on the other hand, the excretion of C through the second pathway (0.5 mg/day/kg) reflects turnover in the remainder of the CNS pool made up predominantly of glial plasma membranes and myelin, then turnover of this pool is extremely slow and equal to only 0.16%/day. These calculations suggest that C turnover in these large neurons may be 5-fold greater than turnover in all of the organs of the peripheral carcass (Figure 1) .
While the majority of the C synthesized early during development of the CNS presumably occurs in oligodendrocytes, the sources for the sterol that drive this turnover in the adult brain are less clear. Cholesterol synthesis takes place in both glia and neurons in vitro, although in the case of nerve cells, this synthesis may occur predominantly in the cell body and proximal axon and not in the distal axon (Vance et al., 1994) . Several lines of evidence suggest that both nerve growth and synapse formation require additional amounts of C made elsewhere in the CNS (Mauch et al., 2001; Hayashi et al., 2004) . Astrocytes, in particular, synthesize C and apoE and, under the influence of ABCA1 and, possibly, ABCG1 (Wahrle et al., 2004; Karten et al., 2006) , secrete these two molecules as a complex into the pericellular fluid. Importantly, this secretory process continues unaltered in the presence of a mutation that inactivates NPC1 (Karten et al., 2005) . This apoE-C complex is then presumably taken up by neurons during growth or synapse remodeling, utilizing one of the LDLR family of transporters present on nerve cells (Hayashi et al., 2004) . Thus, as shown in Figure 1 , one pathway that may be active in C turnover in a subset of neurons involves the synthesis of C in astrocytes, secretion of this sterol along with apoE into the pericellular fluid, receptor-mediated uptake of this complex into nerves, processing of this C through the late endosomal/lysosomal pathway, 24-hydroxylation of this C, and, ultimately, the movement of this 24(S)-hydroxycholesterol across the blood-brain barrier into the plasma. In genetic conditions where NPC1 is not functioning, this C accumulates within neurons (Xie et al., 2000a) . Although less well understood, a second pathway may also involve apoE-associated C movement from glia and, possibly, myelin directly to the blood-brain barrier for excretion from the CNS. In the presence of neurodegeneration and demyelination, the movement of C through the 24-hydroxylation pathway decreases while C excretion through the second pathway increases.
Regulation of C flux through the central nervous system
Current evidence suggests that the four major processes known to control the content of C in the metabolically active pool in the cells of other tissues also operate to control C metabolism in the cells of the CNS. These cells express abundant mRNA for ACAT2, SREBP, HMGR and LDLR. In addition, in the mouse brain, there is also significant expression of the nuclear receptors LXRa, LXRb, retinoid X receptor a (RXRa) and RXRg, but little or no pregnane X receptor (PXR) or FXR (Wang et al., 2002; Repa et al., 2007) . Deleting the function of LXRa and LXRb leads to diminished expression of a number of LXR target genes (Wang et al., 2002) , while administration of an LXR agonist enhances the expression of genes controlling the synthesis of ABCA1, ABCG1 and apoD (Repa et al., 2007) . Thus, although the magnitude of change in C flux across the cells of the CNS is probably small compared to the changes possible in other organs, these findings suggest that the response of the brain to diminution or expansion of the metabolically active pool of C in the cytosolic compartment of glia and neurons is the same as in the cells of other organs.
One line of evidence supporting this conclusion comes from studies in mice with an inactivating mutation of NPC1. In these animals, the C taken up through receptormediated endocytosis of the apoE-C complex becomes sequestered in the late endosomal/lysosomal compartment of glia and neurons. Treatment of these animals with cyclodextrin that overcomes this transport defect allows this C to flow into the metabolically active pool in the cytosol. This, in turn, leads to an increase in the CE concentration in the cytosol, suppression of sterol synthesis and activation of a number of LXR target genes (Liu et al., 2009 ). Thus, the same metabolic responses to the movement of C into the metabolically active pool are seen in the brain as are found in the other tissues of the body. A second line of evidence comes from mice treated with an LXR agonist. Such treatment leads to an increase in the mRNA levels for a number of target genes including ABCA1 and ABCG1, and to a significant increase in C, but not 24(S)-hydroxycholesterol, excretion from the CNS (Repa et al., 2007) .
Concluding remarks
Recent studies indicate that the cells of the CNS synthesize the C required for brain growth and myelination of axons in the developing brain and for continued axon growth and synapse remodeling in the mature brain. These cells appear to express the same control mechanisms seen in cells of other tissues for maintaining the concentration and turnover of C in the metabolically active pool and plasma membrane. However, there are many other aspects of the metabolism of C in the CNS that remain to be elucidated, as well as the possible role of disordered sterol metabolism in the genesis of various syndromes of neurodegeneration.
